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Unique plateau wetlands in China provide essential ecosystem functions and services and influence the health, environment and 
security of the downstream regions. In recent years, these plateau wetlands have experienced significant anthropogenic disturb-
ance, but studies that evaluate the effects of such disturbance on ecological stability are rare. Our study tested how three typical 
types of human-related activities affect plant richness and ecological stability in Napahai plateau wetland, Shangri-La, China. The 
results showed that the anthropogenic disturbance had a direct effect on richness, and an indirect effect on stability mediated by 
richness. Anthropogenic disturbance did not alter the positive relationship between plant richness and community stability, and 
the stabilizing effect of richness could be explained by statistical averaging, overyielding effect, and component population stabil-
ity. Our study complements previous studies that tested the richness-stability relationships in synthesized assemblages with rich-
ness specifically manipulated and studies that introduced mowing treatment to mimic real anthropogenic disturbance. The results 
further suggest that necessary steps, such as anthropogenic disturbance mitigation and plant richness conservation, are urgently 
required for maintaining healthy plateau wetlands and for sustaining their ecosystem functions and services. 
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Wetlands are indispensable ecosystems that provide essen-
tial ecological functions and services, such as offering key 
habitats for wildlife, improving water quality and regulating 
biogeochemical cycles [1–5], and plateau wetlands are unique 
wetland types of particular importance. In China, most 
plateau wetlands are located in the upstream regions of ma-
jor rivers, including the Yangtze River, the Yellow River 
and the Mekong River. These wetlands directly or indirectly 
affect the health, environment and security of the down-
stream regions. Additionally, unlike their common wetland 
counterparts, most plateau wetlands occur in high-altitude 
depressions without inflows from nearby rivers or streams, 
and thus are highly vulnerable to climate change and vari-
ous disturbance types, especially anthropogenic disturbance 
[6,7]. Although the urgent need to protect China’s plateau 
wetlands has been more and more recognized, the basic 
research on plateau wetlands remains limited.   
Anthropogenic disturbance has dramatically influenced a 
variety of ecological attributes, including species interac-
tions, population dynamics, community structures and eco-
system functions [8–11]. A better understanding of the im-
pacts of anthropogenic disturbance on wetland vegetation 
stability is particularly important, because wetland plants 
function as indispensable components: they determine the 
critical ecological processes and ecosystem services, and 
their stability status is closed related to the performance and 
stability of the whole wetland ecosystem [12–15]. We are 
particularly interested in testing how different forms of an-
thropogenic disturbance would affect wetland plant richness, 
ecological stability, as well as the relationship between the 
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two for the following reasons: (1) richness-stability rela-
tionship remains a central topic of ecological research 
[16–21]; (2) although a majority of richness-stability studies 
have shown that richness is vital for ecological stability of 
synthesized assemblages, we have limited evidence from 
natural communities that accommodate more non-random 
species assemblages and heterogeneous environment [22,23]; 
and (3) there are very few empirical studies that test wheth-
er anthropogenic disturbance would strengthen or weaken 
the stabilizing effect of richness, and through which path-
ways anthropogenic disturbance and richness would interact 
and affect stability. 
Napahai plateau wetland, located in the northwestern part 
of Yunnan Province, China, is known for its low-latitude 
high-altitude topography and magnificent wilderness scenes. 
However, Napahai plateau wetland has suffered severely 
from habitat loss and degradation in recent years, mainly 
caused by humanity’s expanding footprint. Because two 
component parts of Napahai wetland, primary swamps and 
swampy meadows, are permanently and intermittently wet 
areas, respectively, they are also less accessible for human 
activities. In contrast, semi-wet meadows have experienced 
higher levels of anthropogenic disturbance [24]. Therefore, 
our study focused on semi-wet meadow areas of Napahai 
wetland, and three general types of disturbance were identi-
fied: (1) tourism-related trampling (TRT): tourism is pros-
perous in Napahai area, which greatly spurs local economic 
growth, but also causes ecological and environmental prob-
lems; (2) pig foraging activities (PFA): local Tibetan resi-
dents practice free range to raise pigs. The pigs frequently 
dig up the ground for plant roots, and thus cause the death 
of affected plants; (3) natural turf removal (NTR): it is a 
common practice for local Tibetan residents to cut and re-
move the topsoil together with good vegetative covers, and 
use them as raw materials for wall panels and as decoration 
materials for roof panels. This practice is devastating as it 
removes live plants as well as their soil seed pools.  
This study is part of a larger project designed to investi-
gate the successional patterns of wetland plant communities 
and functions of wetland vegetation in maintaining the sta-
bility of Yunnan plateau wetland ecosystems. The main 
purpose of our study is to investigate the effects of afore-
mentioned forms of anthropogenic disturbance on the sta-
bility of wetland plant communities. Specifically, we ad-
dress the following questions: (1) Does anthropogenic dis-
turbance affect plant richness? (2) Does anthropogenic dis-
turbance affect stability directly, indirectly, or in both ways 
(Figure 1)? (3) Does richness affect stability in natural com-
munities under anthropogenic disturbance? (4) If so, what are 
possible mechanisms for the stabilizing effect of richness? 
1  Materials and methods 
Our study site is located at the semi-wet meadow areas  
 
Figure 1  Schematic figure of three alternative pathways among disturb-
ance, richness and stability. (a) Disturbance has a direct effect on stability; 
(b) disturbance has an indirect effect on stability mediated via richness; (c) 
disturbance has both direct and indirect effect on stability.  
(27°51′N, 99°39′E, 3269 a.s.l) of Napahai plateau wetland, 
Shangri-La. Napahai wetland experiences dry and wet sea-
sons annually, with the wet season between June and Octo-
ber, and the dry season between November and May. Aver-
age annual precipitation is 606.6 mm, and average monthly 
temperature ranges from 3.7°C in January to 13.2°C in 
July [7,24].  
We carried out the preliminary survey in 2009 to choose 
study plots that were influenced by representative disturb-
ance types, with three replicates for each type. Since Shangri- 
La Forestry Bureau and Shangri-La Tourism Administration 
have taken actions to curb anthropogenic pressure on the 
wetland ecosystem since 2008, our chosen experimental 
plots are currently at the recovering phase from earlier dis-
turbance. We began surveying the selected 5 m×5 m plots 
under these three disturbance regimes in 2010 for three 
consecutive years. Within each year, we sampled each 1 m× 
1 m subplot within each 5 m×5 m plot three times (i.e., in 
spring, summer and fall, respectively). Species richness was 
recorded as the number of plant species found in each sub-
plot, and the abundance of individual species in each sub-
plot was also recorded. Since plant species composition 
varied seasonally and yearly (unpublished data), we only 
used data collected during the summer season when most 
plants experience maximum growth. Also, species that oc-
curred in at least two replicate plots and spanned at least 
two summer seasons were used for stability analysis. Addi-
tionally, because some plots were under the influence of 
seasonal flooding, they were excluded for further analysis to 
minimize the effects of environmental fluctuations.  
We use temporal variability to assess stability, and tem-
poral variability is commonly measured as the coefficient of 
variation (100×/) where  is the standard deviation and  
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is the mean of an aggregate community property over a time 
period [25,26]. Based on this definition, temporal variability 
is inversely related to temporal stability, and higher tem-
poral variability indicates lower temporal stability. For our 
study, community temporal variability is measured as the 
ratio of standard deviation of total abundance to its mean 
value during the three consecutive years. Similarly, popula-
tion variability is measured as the standard deviation of 
species abundance divided by its mean value. The value is 
averaged across the populations to obtain a single measure 
of mean population variability for each sampled plot.  
The statistical analyses included several steps. First, 
MANOVA was used to test the effect of disturbance on 
richness and stability together. Given that there was a sig-
nificant effect on the multivariate response, ANOVA was 
then performed to test whether disturbance showed signifi-
cant effects on richness and stability, respectively, followed 
by ANCOVA to test the effects of both disturbance (the 
categorical variable) and richness (the continuous variable) 
on stability. Also, structural equation modeling (SEM) was 
applied as an alternative analysis approach. Post hoc tests 
were conducted using the Tukey’s HSD test. All abundanc-
es were log-transformed to reduce heteroscedasticity. We 
then evaluated four potential mechanisms associated with 
the observed richness-stability relationships. Statistical av-
eraging occurs when the variability of total abundance of 
plants decreases with increasing richness. This is because 
variations in population dynamics among species tend to 
offset each other. There is evidence for statistical averaging 
when the temporal variance in the total abundance scaling 
with the mean abundance yields a slope greater than 1. This 
is because theoretical studies using a series of simulations 
have shown that when the temporal variance of an aggre-
gate community property, 2, scales with its mean value, m, 
according to the power function of 2=cmz, if z=1, diversity 
has no effect on community stability; if z<1, more diverse 
communities are less stable; and if z>1, the tendency for 
stability to increase with diversity necessarily holds [27,28]. 
Covariance effect indicates the way species interact with 
their environment, and negative covariance values suggest 
that species respond asynchronously to the environment to 
reduce average fluctuations. Therefore, by checking the 
magnitude and the sign of summed covariance along with 
increasing richness, a negative relationship between summed 
covariance and species richness would support this mecha-
nism [29,30]. Overyielding refers to an increase in total 
abundance with richness, which tends to stabilize commu-
nity fluctuations, and this mechanism is evaluated by ex-
amining whether a positive relationship exists between total 
abundance and plant richness [26,30]. Lastly, component 
populations with fewer variable characteristics contribute to 
a less variable community. Therefore, a positive relation-
ship between population variability and community varia-
bility indicates that richness could affect community stabil-
ity via its effect on component populations [31,32]. 
2  Results  
MANOVA showed significant effect of disturbance on the 
combined response of community stability and richness 
(Pillai’s T=1.16, F=4.14, P=0.02). Univariate ANOVA 
showed that disturbance had a significant effect on richness 
(F2,6=19.62, P<0.01; Figure 2), but not on stability (F2,6= 
3.53, P=0.08). Specifically, TRT plots supported higher 
levels of plant richness than either PFA or NTR plots, 
whereas there was no significant difference between the 
latter two (Figure 2). ANCOVA test further showed that the 
final model only contained richness, but not disturbance as 
independent variable, irrespective of the relative order of 
richness variable to disturbance variable in the comparative 
models. Additionally, TRT plots with higher richness also 
had higher stability than PFA or NTR plots with lower 
richness (Figure 3). The SEM analysis demonstrated the 
lack of a direct effect of disturbance on variability. In con-
trast, effect strengths measured for the effect of disturbance 
on richness was 0.44, and effect strengths measured for the  
 
Figure 2  Plant richness under different anthropogenic disturbance re-
gimes. Different small letters indicate statistically significant difference by 
Tukey’s test. Shown are mean values ±1 SE. 
 
Figure 3  Effects of plant richness on temporal variability at both com-
munity and population organizational levels. 
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effect of richness on variability was 0.86 (Figure S1). 
Therefore, evidence for the significant effect of disturbance 
on richness, and the significant effect of richness on varia-
bility was conspicuous, but the direct effect of disturbance 
on variability was not detected, confirming our previous 
analysis results. Similarly, at the population level, all anal-
yses showed that richness (F2,6=24.63, P<0.01), not disturb-
ance (F2,6=4.17, P=0.17), significantly affected mean popu-
lation variability, with a negative relationship between mean 
plant richness and mean population variability (Figure 3).  
The slope of the mean-variance scaling relationship av-
eraged across all plant species was 1.48 (Figure 4(a)), sup-
porting the role of statistical averaging in stabilizing com-
munity abundance with increasing richness. The summed 
covariance had both positive and negative values, and there 
was no clear pattern between summed covariance and rich-
ness (Figure 4(b)). Therefore, covariance effect was disproved 
in our study system. The logarithms of the mean abundance 
increased with richness significantly (Figure 4(c)), support-
ing the overyielding effect. There was a statistically signifi-
cant positive relationship between population and commu-
nity variability, indicative of the influence of population 
stability on community stability (Figure 4(d)). 
3  Discussion and conclusions 
In this study, plant richness in TRT plots was much higher 
than that in PFA or NTR plots. Clearly, both pig foraging 
and turf removal activities have posed severe threats to 
plant richness and produced long-lasting negative effects on 
vegetation recovery. Pigs frequently dug up the ground and 
consumed plant roots, and their foraging behavior seriously 
damaged or destroyed plants. In contrast, anthropogenic 
removal activities had more devastating impacts because 
they completely destroyed the aboveground vegetation and 
the belowground soil seed pools, making the recovery of 
vegetation even more difficult.  
The study also showed that plant richness, not disturbance, 
directly affected community stability. Since disturbance was 
the major factor that caused variation in plant richness, the 
absence of direct effect of disturbance on stability suggests  
 
Figure 4  A mechanistic examination of the stabilizing effect of richness. (a) Log-log plot of variances in plant abundance vs. mean plant abundance. (b) 
Summed covariances in plant abundance vs. mean plant richness. Summed covariances showed no general relationship with richness. (c) The relationship 
between mean plant abundance and mean richness. (d) The relationship between community variability and mean population variability. 
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that disturbance effect could have been mediated by rich-
ness (Figure 1). Finding this indirect link between disturb-
ance and stability is important. On the surface, anthropo-
genic disturbance seemed to be unrelated to temporal stabil-
ity of wetland plant communities, but disturbance could be 
the ultimate cause for the natural variation of plant richness 
as well as community stability, although in an indirect way 
for the latter. Over the past decades, the majority of studies 
have tested the relation between species richness and com-
munity stability. However, most of these studies used syn-
thesized assemblages so that species richness could be di-
rectly manipulated. Such experimental design could be use-
ful for identifying the effect of richness on stability. How-
ever, since richness was manipulated independent of varia-
tion in other factors, these studies failed to include the real-
ism that richness might be affected by factors such as an-
thropogenic disturbance as it was observed in our case. Re-
cently, a limited number of studies have begun to manipu-
late environmental factors (e.g., nutrient enrichment, bio-
mass harvesting) to test the effect of resulting variation in 
species richness on stability [33,34]. In line with the results 
of these studies, we also found a persistently positive rela-
tionship between species richness and community stability 
under anthropogenic disturbance. However, our study in-
cluded more types of real anthropogenic disturbance under 
more natural settings, as compared to studies that included 
mowing treatment to mimic the main form of disturbance.  
The positive relationship between plant richness and 
community stability observed in this study was in agree-
ment with the findings of many other studies [26,29,35–42]. 
We further explored the possible mechanisms, and found 
that statistical averaging, overyielding, and component pop-
ulation effects were likely mechanisms to account for the 
stabilizing effect of plant richness. Our results did not sup-
port the covariance effect given that not all covariance val-
ues were negative, and there was not a decreasing trend of 
covariances with increasing richness. It is worth noting that 
we found a positive relationship between population- and 
community-level stability. Previous studies reported posi-
tive [37,39,41], negative [26,29,40], and neutral relation-
ships [36,38,42] between the two, but the causes of these 
different patterns are still unknown. Future work should 
examine the general nature of the relationships and eluci-
date the associated mechanisms.  
Our results clearly showed that plant richness is vital for 
community stability of plateau wetland. Besides that, plant 
richness contributes significantly to ecosystem functions 
and services, and disturbance-caused species loss would 
undoubtedly have far-reaching negative impacts. In Napahai 
plateau wetland, different types of anthropogenic disturb-
ance not only impair biota and stability but also change 
ecosystem functionality. Tourism-induced trampling can 
increase soil bulk density and decrease soil porosity and 
water holding capacity, thus severely affecting water stor-
age and flood regulation functions of wetland soils [43]. Pig 
foraging and turf removal activities cause the death of many 
perennial plants, which otherwise offer vital food sources 
and security covers for species at other tropic levels. There-
fore, the damage to these perennial plants will inevitably 
affect the survival of other coexisting species. Moreover, 
perennial plants have their roots alive through the long and 
cold winter when the tops die, and the massive belowground 
parts with nutrient storage functions are essential for suc-
cessful resprouting in the following spring. Additionally, 
the intertwined root systems belowground reinforce the ca-
pability of the soil to withstand water flow, and thus effec-
tively reduce soil erosion as deep snowpacks melt in the 
spring to cause a dramatic increase in water flow [44].  
Like other types of wetlands, plateau wetlands offer im-
portant ecosystem functions (e.g., carbon sequestration, 
nutrient cycling regulation, soil fertility maintenance) and 
services (e.g., water quality improvement, food and energy 
supply). However, many plateau wetlands have experienced 
significant anthropogenic disturbance, just as what Napahai 
plateau wetland has suffered at the hands of humans. With-
out adequate legal enforcement and strict regulation, an-
thropogenic disturbance would further impoverish species 
richness and then dismantle ecosystem functions, eventually 
leading to the collapse of important ecosystem service upon 
which people depend. Actually, a recent global synthesis 
reveals that the loss of species richness can negatively affect 
ecosystems as much as climate change, pollution and other 
main forms of environmental stress do [45]. Therefore, pre-
serving the abundance and richness of plant communities is 
necessary for maintaining healthy plateau wetlands and for 
sustaining their essential ecosystem functions and services. 
To accomplish this goal, a closer and stronger collaboration 
among scientists, politicians and government authorities is 
urgently needed in the future. 
In conclusion, anthropogenic disturbance caused the 
change of plant richness, with TRT plots supporting higher 
levels of plant richness than either PFA or NTR plots. Plant 
richness affected stability directly, whereas anthropogenic 
disturbance affected stability indirectly mediated by rich-
ness. There was a tight coupling between plant richness and 
community stability, and this positive richness-stability re-
lationship persisted for the studied natural plant communi-
ties under different anthropogenic disturbance regimes. 
Therefore, this present study complements previous studies 
that used synthesized assemblages and overlooked external 
driver factors. Effects of statistical averaging, overyielding, 
and component population stability were identified as pos-
sible mechanisms involved that could account for the stabi-
lizing effects of richness on community stability.  
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